INTRODUCTION
Each adult mammalian skeletal muscle fibre is normally innervated at a single motor end-plate by a nerve terminal from only one motoneurone. All motoneurones innervate many muscle fibres. The size of the motor unit is related to the size of the motoneurone and the conduction velocity of the axon, the total number of muscle fibres in the muscle, the number of other motor axons innervating the muscle and the stage of development (Betz, Caldwell & Ribchester, 1980a; Brown & Ironton, 1978; Brown, Jansen & Van Essen, 1976; McPhedran, Weurker & Henneman, 1965a, b; Taxt, 1982) . In new-born mammalian muscles, the motor units are expanded, as each motoneurone innervates more muscle fibres than in the adult. The muscle fibres are polyneuronally innervated and the mulitple synapses are usually located at the same motor end-plate (Bixby, 1981;  O'Brien, Ostberg & Vrbova, 1978; Redfern, 1970; Riley, 1981) . In changing from the neonatal to the adult pattern of innervation, all but one of the terminals are removed from most muscle fibres and there is a concomitant reduction in the size of the motor units (Bagust, Lewis, Luck & Westerman, 1973; Betz, Caldwell & Ribchester, 1979; Brown etal. 1976 ). Polyneuronal innervation followed by synapse elimination also occurs in denervated or partially denervated adult muscle when the original motor axons are allowed to regenerate into the muscle (Brown & Ironton, 1978; McArdle, 1975; Tate & Westerman, 1973 ; Thompson, 1978) .
It has been argued that the mechanism of synapse elimination, and therefore the regulation of motor unit size, must involve competition for motor end-plates. If nerve terminals were eliminated randomly, then some muscle fibres would become completely denervated. This does not normally occur (Betz et al. 1980a; Brown et at. 1976; Willshaw, 1981) . The principal evidence in favour of a competitive interaction between motoneurones is from studies of adult muscles partially denervated at birth. The remaining motor axons retain some or all of the connexions they made initially (Betz et al. 1980a ; Thompson & Jansen, 1977) .
What determines the outcome of this competition is not known. The total amount of activity to which nerve or muscle fibres are subjected influences the over-all rate of synapse elimination (Benoit & Changeux, 1975 , 1978 O'Brien et al. 1978; Taxt, 1983;  Thompson, Kuffler & Jansen, 1979; Thompson, 1983) . It is not known whether the more active motor nerve terminals are favoured as terminals are withdrawn. The present paper is concerned with the possibility that differences in the activity of individual motoneurones might influence the number of terminals and the number of muscle fibres they ultimately supply.
This possibility was investigated in reinnervated adult rat lumbrical muscles. Following reinnervation, and during synapse elimination, nerve impulse conduction in some of the motor axons was blocked. The size of the unblocked motor units was measured subsequently. The results suggest that the active motor axons innervated more muscle fibres than in normal muscles and the inactive terminals were progressively excluded from polyneuronally innervated muscle fibres.
Some preliminary results were communicated to the Physiological Society (Ribchester & Taxt, 1982) . All experiments were done using adult female rats with an initial weight of 100-150 g. Their weights at the time of the terminal experiment were between 150 g and 200 g. Before all the surgical procedures, the animals were anaesthetized with ether, or by intraperitoneal injection of sodium pentobarbitone (Mebumal, 60 mg/kg). The experiments were carried out using the fourth deep lumbrical muscle in the hind foot. All the experiments were done in Oslo.
M.p.n. L.p.n. S.n.
Osmotic pump

Cuff
Tubing Lumbrical(L IV) muscle Toe V Fig. 1 . Diagram of the experimental design, showing the innervation of the lumbrical muscle and the location of the nerve crush and the nerve block. The muscle nerve was crushed and 5-10 days later nerve impulse conduction in the l.p.n. and m.p.n. was blocked by chronic superfusion with TTX. Osmotic mini-pumps (Alzet Model 2002) were filled with 0-9 % sterile saline containing dissolved TTX (Sigma; 500 #sg/ml.) and ampicillin (200 ,g/ml.) . The mini-pumps were implanted in the peritoneal cavity. Sterile silicone rubber tubing was threaded under the skin. The cuff was fitted loosely around the m.p.n. and l.p.n. about 1 cm from the l.p.n.-s.n. anastomosis. The animals received a single subcutaneous injection in the neck of procaine-penicillin, to help prevent infections. Note that this procedure causes a complete block of part of the nerve supply to the lumbrical muscle.
Denervation and reinnervation
The experimental procedure is illustrated in Fig. 1 . The fourth deep lumbrical muscles in both hind feet were denervated by crushing the muscle nerve with watchmakers' forceps. The muscles were completely reinnervated within 10 days, judging by tension measurements (see Taxt, 1983 , for details of the method of denervation and the time course of reinnervation).
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Lateral plantar nerve block (l.p.n.-blocked muscles) In adult rats it is possible to block nerve impulse conduction selectively in some of the motor axons that innervate the lumbrical muscle by chronic application of tetrodotoxin (TTX) to the lateral plantar nerve. Five to ten days after denervating the muscles, the medial plantar nerve (m.p.n.) and the l.p.n. on the right side were prepared for nerve block (Fig. 1) . The surgical procedures and the daily tests for nerve block were carried out exactly according to methods described previously (Betz, Caldwell & Ribchester, 1980b; Taxt, 1983) . L.p.n. block was maintained for up to 15 days.
Acute experiments
The acute experiments were carried out 5-15 days after implanting the mini-pumps, either on animals in which the l.p.n. was still completely blocked (no leg withdrawal when the medial toe pads were pinched), or on animals which responded weakly to pinching of the toe pads. No animal was allowed to continue for more than one day after relief of the nerve block was first detected.
Most of them were taken on the same day. Animals with complete anaesthesia of the toe pads were first anaesthetized with ether and the m.p.n., l.p.n. and sural nerve (s.n.) were exposed in the leg and cut proximally. The s.n. was stimulated with a pair of silver wires, using 10 V, 0 1 msec pulses. This always caused contraction of some of the musculature on the lateral side of the foot, showing that the TTX had not spread to the s.n. The l.p.n. and m.p.n. were stimulated, first above, then below or within the cuff. In every case, stimulation within or above the cuff failed to produce any movement of the foot, whereas stimulation below the cuff caused vigorous flexion. This test confirmed the assessment of nerve block made from the daily verification of local anaesthesia. Animals with partial recovery of sensation in the foot were not tested in this way.
The animals were killed and the lumbrical muscles on both sides were dissected with the l.p.n. and s.n. intact. Tension measurements and intracellular recordings were made as described previously (Betz et al. 1979 (Betz et al. , 1980b Taxt, 1983) . Two cases of muscles with fewer than eight l.p.n. motor units were not included in the results, in case the low numbers were due to damage of the l.p.n. by the cuff. In the other muscles (thirty-five), the number of l.p.n. units was greater than five, as in normal muscles, suggesting that the nerve blocking procedure did not damage the l.p.n. motor axons (see also Betz et al. 1980b ). We did not determine whether TTX had an effect on axoplasmic transport. However, TTX has been applied to nerves in many different ways without having any effect on axoplasmic transport (Bray, Hubbard & Mills, 1979; Lavoie, Collier & Tenenhouse, 1977; Ochs & Hollingsworth, 1971; Pestronk, Drachman & Griffin, 1976 (Brown & Matthews, 1960) .
The fraction of the muscle innervated only by s.n. motor axons was calculated as follows. When both nerves were stimulated together (at 50 Hz), the tension obtained was greater than when the l.p.n. alone was stimulated. The difference in tension must be due to fibres with suprathreshold inputs only from the s.n. This difference, expressed as a percentage of the total tension, was shared equally among the s.n. motor units (counted during twitch tension measurements). Expressed analytically:
(1-LILS) s.n. only (% total tension) = Ns X 1oos (2) where LS is the total tension, L is the tension obtained by l.p.n. stimulation alone, and N. is the number of s.n. motor units. This calculation was only carried out if the nerve-evoked and direct muscle tensions were within 10 % of each other.
The amount of dual (l.p.n. and s.n.) and single (l.p.n. or s.n.) innervation of muscle fibres was also determined in some muscles by making intracellular recordings from cut muscle fibre preparations (Barstad, 1962; Betz et al. 1979 ). The l.p.n. and s.n. were stimulated supramaximally 92 (up to 10 V; 0-2 msec pulse duration). The stimulus to the nerve was not graded routinely. In most cases measurements were not taken from fibres innervated only by the l.p.n., so that there was more time to record from s.n. innervated fibres (with or without additional l.p.n. input) before the preparations deteriorated. In four muscles, surface and deep muscle fibres were sampled systematically. Several electrode tracks were made through the muscle, sampling from edge to edge in the end-plate region. Intracellular end-plate potentials (e.p.p.s) were measured and the muscle fibres grouped according to the relative sizes of the responses to l.p.n. and s.n. stimulation. Muscle fibres with an e.p.p. only from the l.p.n. were placed in group I. Muscles fibres with an e.p.p. only from the s.n. were placed in group V. Dually innervated fibres were placed in groups II, III and IV. If the l.p.n. e.p.p. was more than twice as big as the s.n. e.p.p., the fibre was put in group II. If the s.n. e.p.p. was more than twice as big as the l.p.n. e.p.p., the fibre was put in group IV. The remaining dually innervated fibres were put in group III. 'Nerve-dominance' histograms were then constructed (cf. Hubel & Wiesel, 1962; Roper & Ko, 1978) .
Muscle fibre diameters
Fourteen muscles, on which only tension measurements had been made, were fixed in 5 % glutaraldehyde, 2-5 % paraformaldehyde in phosphate buffer, pH 7 4, processed and embedded in Epon. Transverse sections were taken through the end-plate region and muscle fibre diameters measured from tracings made from photographs. Muscle fibre diameter histograms of the complete muscles were constructed as described previously (Betz et al. 1980a ). There were three kinds of muscles: control muscles, I.p.n.-blocked muscles with s.n. input, and completely blocked muscles (I.p.n.-blocked but without s.n. input). The accumulated histogram from the l.p.n.-blocked (s.n. -innervated) muscles was partitioned into two histograms -one attributed to inactive muscle fibres and one attributed to active muscle fibres -by using the distributions for control and completely blocked muscles. The procedure was essentially as described by Betz et al. (1980a) . Each bin of the fibre diameter histogram was addressed separately. The first step was to assume that the muscle fibres had a control distribution. From the percentages in the actual control distribution, the number of muscle fibres predicted for each bin of the l.p.n.-blocked muscle was calculated. If the number observed was greater than that calculated, the excess fibres were assumed not to belong to the control distribution and a new estimate was made of the number of fibres belonging to the control distribution. In practice, this was simply the difference between the first estimate and the calculated number of excess fibres. This procedure was repeated until the number of excess fibres calculated on successive iterations differed by no more than 1 %. It produced a small population offibres (see Fig. 5 ) which could not be resolved from the control distribution and a large population which could. The larger population was then partitioned into two histograms, corresponding to active and inactive muscle fibres, using the histogram of the distribution from the completely inactive muscles. The same procedure produced two further histograms, one with a normalized distribution the same as for completely inactive muscles and one comprising the remaining 'active' fibres. The ratio of the total number of 'active' muscle fibres to 'inactive' fibres was compared with the ratio of muscle tensions produced by l.p.n. and s.n. stimulation.
Zinc iodide-osmium staining
To obtain an independent assessment of the s.n. motor unit size, nerve terminals were counted in muscles stained with zinc iodide-osmium (ZIO; Akert & Sandri, 1968) . The animals were operated on in the same way as the others, except that 1-2 days before the acute experiment, they were anaesthetized and the l.p.n. on the blocked side was cut. This allowed the l.p.n. terminals to degenerate, ensuring that subsequently only the s.n. terminals were stained (Betz et al. 1980b ).
Contralateral muscles were not denervated but used as controls for the success of the stain. On the day of the acute experiment, the number and size of the s.n. motor units were determined from tension measurements and the muscles pinned side by side to strips of dental wax and stained with ZIO as described previously (Betz et al. 1980b ). The muscles were teased into bundles of five to thirty muscle fibres, taking care not to snap the bundles in the end-plate region. The total number of muscle fibres with ZIO stained terminals was counted. The ratio of the number of terminals on the two sides was then compared with the tension measurements. 93 RESULTS Taxt (1983) showed that lumbrical muscles are completely reinnervated by about 10 days after a muscle nerve crush. By about 18 days after denervation, approximately 40 % of the muscle fibres are polyneuronally innervated; this decreases to about 20 % within 30 days. Thus, in the present experiments, activity in the l.p.n. motor axons was blocked during a period when there was most opportunity for competition to take place between s.n. and l.p.n. motor nerve terminals innervating the same muscle fibres.
L.p.n. blocked (A, B) and tetanic (C, D) tension recordings from an l.p.n.-blocked muscle and its contralateral control. In each case the lower trace is the response to s.n. stimulation, the middle trace is l.p.n. stimulation and the upper trace is combined nerve stimulation. In the l.p.n.-blocked muscle, the s.n. and l.p.n. twitch and tetanic tensions were about equal, despite the large difference in the number of motor axons in these nerves. Recordings made 20 days after muscle nerve crush and a further 10 days of l.p.n. block. In both cases, the maximum indirect tension and the direct tension were equal.
S.n. motor unit sizes
The effect of l.p.n. inactivity on the tension produced by s.n. motor units was striking. In the example shown in Fig. 2 , activity in the l.p.n. was blocked from 10 days after crushing the muscle nerve and the recordings made 10 days later, 20 days post-crush. It shows the twitch and tetanic tension responses obtained by supramaximal stimulation of the s.n., l.p.n. and both nerves together. Four points can be made. First, the s.n. tension on the blocked side was about two-and-a-half times that of the s.n. tension on the control side. Second, the l.p.n. tension was smaller on the blocked than on the control side. This was most evident on the tetanic tension 94 records. Third, a significant fraction of the l.p.n.-blocked muscle must have been innervated only by the active s.n. axons, because the tension obtained on combined nerve stimulation was much greater than on stimulating only the l.p.n. Finally, in the l.p.n.-blocked muscles, the rise time and decay time of the l.p.n. tension was prolonged, compared with either the s.n. tension response in the same muscle or the combined or separate tension responses in the contralateral control muscle.
The tension responses of the same pair of muscles to graded nerve stimulation are shown in Fig. 3A (E). The tension recordings are from the same pair of muscles shown in Fig. 2 . The recordings show the response to graded nerve stimulation causing excitation of motor units of successively higher threshold. Note the large tension response of the s.n. motor units on the l.p.n.-blocked side. E, the s.n. motor unit size in l.p.n.-blocked (0) and control (0) muscles. Each symbol is obtained from one muscle, by dividing the s.n. tetanic tension by the number of s.n. motor units and expressing the result as a percentage of the total muscle tension. The square brackets indicate the range of values in l.p.n.-blocked (left) and control (right) muscles at each of the time intervals after muscle nerve crush. l.p.n.-blocked side, the total twitch tension of these three s.n. units was only a little smaller than that made by the eight l.p.n. units in the same muscle. By contrast, the three s.n. units on the control side produced about one-third the tension of the nine l.p.n. units in that muscle, as in unoperated muscles (Betz et al. 1979 (Betz et al. , 1980b .
The average size of s.n. motor units was calculated from the s.n. and combined tetanic measurements and the number of s.n. motor units. Since the l.p.n. block was initiated at times varying between 5 and 10 days after the nerve crush the results are grouped according to the time after the muscles were denervated. The data were grouped arbitrarily into 5 day intervals, between 11 and 25 days after the nerve crush. The animals in the final group received TTX for between 10 and 15 days.
With time, the s.n. motor units in l.p.n.-blocked muscles produced an increasingly larger fraction of the total muscle tension. The mean s.n. motor unit size was always significantly larger than in controls (P < 0 05, Wilcoxon test). By [20] [21] [22] [23] [24] [25] The simplest interpretation of these data is that the s.n. motor units in the I.p.n.-blocked muscles were larger because the s.n. motor axons innervated more muscle fibres than normal. The tetanic tension obtained by stimulating all the l.p.n. motor axons also decreased with time (Table 1) , and this suggests that they innervated progressively fewer muscle fibres.
It would be misleading to apply the same principles to assess the size ofthe individual l.p.n. motor units. Inactivity prolongs the time course of synapse elimination (Benoit & Changeux, 1975 , 1978 Caldwell & Ridge, 1982; Taxt, 1983; Thompson et al. 1979 By the same argument, if there were significant overlap among the s.n. motor units, this would cause their average size to be underestimated. The data shown in Fig. 3E therefore represent the lower bounds of the s.n. motor unit size.
Musle fibre diameters
A larger than normal s.n. motor unit size is not the only explanation of the tension recordings. It is possible that the tension differences were due solely to atrophy of the inactive muscle fibres and hypertrophy of the active fibres. Muscle fibre diameter histograms were therefore constructed and analysed. Distributions were obtained from l.p.n.-blocked muscles, control muscles and completely blocked muscles (l.p.n.-blocked muscles which turned out to have no s.n. innervation). All the muscle fibres in fourteen muscles were measured. The distributions are shown in Fig. 4 . Examples of muscle sections are shown in Pls. 1 and 2.
There was no significant difference in the mean diameter of l.p.n.-blocked muscle fibres (11-68+2-99 /m; mean+S.D.) and control muscle fibres (11-76±248 prm).
However, the l.p.n.-blocked histogram was broader and the variance ratio of the two sets of data was significantly greater than expected by chance (P < 0-001; F test). This suggests that some atrophy of inactive muscle fibres and hypertrophy of active fibres may have occurred. The histogram in Fig. 4A should then represent combined data from active and inactive muscle fibres. This histogram was partitioned by assuming that the population of inactive muscle fibres had the same distribution of muscle fibre diameter as that shown for completely inactive muscles (Fig. 4C) . The mean diameter of muscle fibres in completely inactive fibres (10-41 + 1-84 ,sm) was significantly different from controls (P < 0-001; t test). Fig. 4A was partitioned into 'active' and 'inactive' muscle fibre distributions as described in Methods. The outcome is shown in Fig. 5 . A shows a population of fibres extracted from the data used to produce Fig. 4A , and resolved from the control distribution of Fig. 4B . Only 299 fibres out of 3757 from four muscles could not be distinguished from the control distribution. The remaining 3458 muscle fibres were partitioned by scaling the completely inactive muscle histogram (Fig. 4C) to the data. The result is shown in Fig. 5B . Approximately 50 % of the muscle fibres in the l.p.n.-blocked muscles could be attributed to inactive muscle fibres and 50 % to active fibres. The mean number of s.n. motor units in the l.p.n.-blocked muscles was 3-3 + 2-2. The muscle fibre data therefore suggest that each s.n. motor unit innervated about 17 % of the muscle. This is close to the estimates made by tension measurements.
Dual and single innervation of active musclefibres
While the increase in the tension of the s.n. motor units and the decrease in the l.p.n. tension suggest that s.n. terminals have a competitive advantage, the evidence is not conclusive. If blocking activity in some of the motor axons simply delayed synapse elimination from all the muscle fibres, then one would expect the s.n. motor units to be larger. This possibility was ruled out by comparing the number of and inactive muscle fibres, according to the procedure described in the Methods. A, using the distribution for control muscles (Fig. 4B) as the reference histogram. B, using the completely inactive muscle histogram (Fig. 4C) as the reference on the larger partition from A.
Tension overlap
We calculated the fraction of the muscles innervated only by s.n. motor axons from the tension overlap obtained on tetanic stimulation of the nerves (Fig. 3C and D) . The amount of tension overlap, expressed as a percentage of the muscle innervated by the s.n. is shown in Fig. 6 . There was no significant difference between blocked and control muscles in the amount of overlap in any of the three groups suggesting that there was no net change in the amount of dual innervation with time. This does not reflect a static innervation pattern however, because the s.n. motor unit size was increasing throughout this time (Fig. 3E) . These data therefore suggest that new synapse formation was occurring continually, at a rate which matched the rate of synapse elimination from polyneuronally innervated muscle fibres. This is reminiscent of the normal post-natal development of the lumbrical muscle (Betz et al. 1979 ). R. R. RIBCHESTER AND T. TAXT additional factor which might have contributed to the persistence ofsome polyneuronal innervation is the effect of low systemic concentrations of TTX (Taxt, 1983) .
The average fractions ofeach muscle innervated only by s.n. motor axons are shown in Fig. 6B . The results are expressed as a percentage of the total muscle tension, and calculated from the s.n. motor unit size and the amount of tension overlap (eqn. (2) exclusively, compared with between 3 % and 11 % on the control side. The mean value for unoperated muscles, assuming that every fibre is singly innervated, is about 8 % of the muscle per motor unit (Betz et al. 1979) . Thus s.n. units on the blocked side innervated about twice as many muscle fibres exclusively, as motor units in completely unoperated muscles.
Intracellular recordings
It was important to obtain evidence for competition between active and inactive nerve terminals at the level of individual muscle fibres, because the tension measurements would underestimate the amount of polyneuronal innervation, if significant numbers of muscle fibres received a sub-threshold input from either l.p.n.
or s.n. nerve terminals.
Representative intracellular recordings from muscle fibres innervated by both nerves are shown in Fig. 7 . Most muscle fibres were innervated by the l.p.n. In some dually innervated muscle fibres the response to l.p.n. stimulation (l.p.n. e.p.p.s) was the larger (Fig. 7A-D) , in others the s.n. response (s.n. e.p.p.s) was larger. Muscle fibres innervated only by inactive l.p.n. axons, or with only a small input from the s.n. gave e.p.p.s with a prolonged time course, especially on the decay phase ( Fig.  7A and B . Nerve-dominance frequency histograms from muscles with l.p.n. block for 4-13 days (14-24 days post-crush). Open bars are singly innervated fibres; filled bars dually innervated fibres. A, 14 days post-crush; 4 days blocked; l.p.n.: nine motor units; s.n.: three motor units; n = 53. B, 18 days post-crush; 10 days blocked; l.p.n.: seven motor units; s.n.: one motor unit; n = 35. C, 22 days post-crush; 12 days blocked; l.p.n.: nine motor units; s.n.: two motor units; n = 73. D, 24 days post-crush; 13 days blocked; l.p.n.: eight motor units; s.n.: two motor units; n = 63. The assignment to dominance groups is described in the Methods. The ratio of the l.p.n. to the s.n. tetanic tension in these muscles were as follows: A, 1-54; B, 2-30; C, 1-65; D, 1-28.
The results of all the intracellular recordings are summarized in Table 2 . It was easier to find muscle fibres innervated by the s.n. in the l.p.n.-blocked muscles than in controls. This was consistent with the larger s.n. motor unit sizes in l.p.n.-blocked muscles compared with controls. The fraction of those muscle fibres innervated by the s.n., that were also innervated by the l.p.n. (dually innervated fibres) was also larger in the l.p.n.-blocked muscles. In general, the number ofdually innervated fibres was greater than expected from the tension overlap measured in the same muscles. The discrepancy is probably accounted for by the sub-threshold s.n. inputs on muscle Four of the muscles were surveyed systematically with micro-electrodes, so it was possible to construct nerve-dominance histograms for muscle fibres innervated by the l.p.n. or s.n. motor axons (see Methods). These confirmed that a progressively larger fraction of the muscle fibres became innervated exclusively by s.n. motor axons. The results are shown in Fig. 8 . Similar results were obtained from another four muscles, although the number of muscle fibres impaled were smaller. With time after the nerve TABLE 2. Comparison of dual innervation in l.p.n.-blocked and control muscles, obtained by intracellular recordings and tension measurements from the same muscles. The intracellular recording data were calculated from the percentage of those muscle fibres innervated by the s.n. which also produced an e.p.p. in response to l.p.n. stimulation. The tension overlap was calculated from the size of the tetanic tension responses and is given by (s.n. +l.p.n. -com.)/s.n. x 100, where the abbreviations have the same meaning as in Table 1 . All the data are expressed as mean ± S.D. n, number of muscles. Numbers in parentheses underneath the intracellular data refer to the total number of s.n.-innervated fibres that were impaled Dual innervation (% s.n. innervation) (Betz et al. 1980b ). Long, terminal and preterminal sprouts were seen in both l.p.n.-blocked and control reinnervated muscles (Fig. 9 and P1. 3) . On the l.p.n.-blocked side, the s.n. terminals were often grouped together-some muscle fibre bundles did not possess any terminals (presumably these fibres were innervated by l.p.n. terminals before their axons were cut) while other bundles contained a spray of endings deriving from the same axon. Some ofthese terminals were joined together by terminal sprouts (Fig.   9A ).
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To compare the extent of sprouting with that predicted by the tension measurements, the numbers of nerve terminals in the ZIO-stained preparations were counted and compared with the s.n.-evoked and total muscle tensions produced by the same muscles (Table 3) .
Fortuitously, each of the l.p.n.-blocked muscles contained only a single s.n. motor unit. The mean number of s.n. terminals in these muscles was 151. The mean number of terminals counted in one normal muscle (697) and the three control muscles, was 678. This is about 30 % less than the average number of muscle fibres counted in TABLE 3. Nerve terminal counts and tension data from l.p.n.-blocked and control muscles. The l.p.n.-blocked muscles were partially denervated by cutting the l.p.n. 1-2 days before staining with ZIO (see text). The ratio of the number of s.n. terminals in the blocked muscles to the total number of terminals in the controls can be compared with the ratio of the nerve-evoked to the total tetanic tension response in the same muscles.
No transverse sections ofother muscles used in the present study (mean + S.D. = 933 ± 69; n = 14). The discrepancy is probably due to stain failing to penetrate to all the nerve terminals, or failure to count all the terminals that were stained. Nevertheless, the ratio of the numbers of terminals in the l.p.n.-blocked and control muscles, 0-22, compares well with the mean size of s.n. motor units estimated from tetanic tension measurements (Fig. 3) .
Repetitive firing of l.p.n.-blocked nerve termina18
The time course of muscle contraction to l.p.n. stimulation was much longer in the l.p.n.-blocked muscles than in controls (Table 1) . At first we attributed this to an effect of inactivity on the contractile properties of the muscle fibres (Lewis, 1972; L0mo, Westgaard & Engebretsen, 1980; Salmons & Sreter, 1976) . However, other observations suggested that repetitive firing of inactive nerve terminals formed at least part of the explanation of the prolonged contractions.
First, the tetanus/twitch ratio of l.p.n. units was smaller on the blocked side ( Fig.  10A and B) . Second, the l.p.n. twitch tension, unlike the tetanic tension, did not decrease with time (Table 1) . Finally, in some muscle fibres innervated only by the l.p.n., a single nerve stimulus produced a pair of e.p.p.s ( Fig. 10C and D) (Davey, Younkin & Younkin, 1979; Weinberg & Hall, 1979 ; see also Taxt, 1983) . Neither prolonged e.p.p.s nor double firing were seen in fibres with a substantial input from the s.n.
The implication of the repetitive firing is that the blocked l.p.n. axons innervated fewer muscle fibres than it appeared from the twitch tension measurements. & Jansen, 1980) .
DISCUSSION
The aim of the present study was to determine whether a more active motor nerve terminal has a competitive advantage over a less active terminal when both innervate a skeletal muscle fibre. We attempted this by blocking nerve impulse conduction in some of the motor axons during synapse formation and elimination in reinnervated adult muscles. The main findings were first, the active motor units were larger than in normal muscles; secondly, the fraction of the muscle innervated only by the active motor axons increased with time; thirdly, this process involved sprouting of the active motor axons and their terminals. The simplest explanation is that there was competition between the active and inactive motor units and the active motor axons 106 had the competitive advantage. This suggests that modifications in synaptic connexions between motoneurones and muscle fibres may occur during reinnervation, as a result of differences in the level of activity in some motor units.
The expan8ion of the 8.n. motor unit Preventing activity in the l.p.n. during reinnervation resulted in stronger s.n. motor units and a relatively large fraction of the contractile force was due to fibres innervated only by the s.n. How well do the tension measurements reflect the size of the s.n. motor units-the number of muscle fibres innervated by the s.n. motor axons? A plausible alternative is that the larger tension of the s.n. motor units is entirely due to hypertrophy of the active muscle fibres and the reduced l.p.n. tension is due to atrophy of the inactive fibres. The data suggest that this is unlikely to be a complete explanation. There are three lines of evidence: (i) although there was a slightly greater range of muscle fibre diameters in the l.p.n.-blocked muscles, there was no clear evidence of a bimodal distribution caused by the two distinct populations with a large difference in their mean diameters. The degree of atrophy in completely inactive muscles was so slight that the difference from control muscles was only detected because ofthe large number ofmuscle fibres that was measured. Nevertheless, it was possible to partition the histogram from the l.p.n.-blocked muscles into a distribution the same as that for completely inactive muscles and the remainder, which was attributed to active muscle fibres innervated by the s.n. There was good agreement between the fraction of the muscle in the 'inactive' and 'active' groups and the amount of tension produced by l.p.n. and s.n. stimulation. The data are not conclusive, because slight variations in the fibre diameters in different muscles might produce large errors in the partitioning procedure. As a further caveat, Walsh, Burke, Rigmer & Tsairis (1978) showed that fast twitch muscles in cat gastrocnemius muscles produced about 40 % more tension than normal after synergistic muscles were tenotomized, but with no significant change in the diameter of muscle fibres in these motor units. (ii) Intracellular recordings showed that a greater proportion of fibres was innervated by the s.n. in the l.p.n.-blocked muscles than expected from the number of s.n. motor units in the muscles. (iii) There were increased numbers of s.n. terminals in muscles stained with ZIO. Assume that the lumbrical muscle contains about 930 muscle fibres (the mean number counted in transverse sections in the present study) and the muscle comprises about ten motor units. In a normal muscle, each s.n. motor unit should therefore innervate about 93 muscle fibres (s.n. motor axons actually innervate about 8 % of the muscle per motor unit; Betz et al. 1979 ).
The mean number of s.n. terminals (per motor unit) in the three l.p.n.-blocked muscles was 151. This number may be a lower limit, as we probably failed to stain or count some of the end-plates in the muscle.
In summary, it seems reasonable that the decrease in the l.p.n. tension and the increase in the s.n. tension are due mainly to a decrease in the number of muscle fibres innervated by the l.p.n. and an increase in the number of fibres innervated by the s.n. After sufficient time, the s.n. motor units became about twice their normal size. To say precisely how large the difference is probably requires further experiments, perhaps using glycogen-depletion techniques to label fibres belonging to particular motor units (Kugelberg & Edstr0m, 1968) .
